Abstract: According to the Fourier diffraction projection theory, the Fourier transform of projection data from multi-band frequency ultrasonic is distributed over complex plane in form of different radius arcs. The classical filtered back projection （FBP） algorithm isn't fit for distributing of the k space data, and the conventional gridding data interpolation on non-Cartesian data would produce much artifact . The least squares nonuniform fast Fourier transform(LS_NUFFT) is brought forth by Liu and Nguyen and applied in MRI image reconstruction. The LS_NUFFT is apply successfully in diffraction ultrasound tomography image reconstruction for the first time and the best kernel matrix size is proved by experiment. The reconstruction experiments based on LS_NUFFT, Min-max NUFFT and GFFT algorithms are done respectively, the reconstruction quality of LS_NUFFT is much better than Min-max method and GFFT method .
I. INTRODUCTION
Ultrasound tomography with diffracting sources is an important type of acoustic imaging. Since the used wavelengths are comparable to the object feature dimensions, wave phenomena such as diffraction become significant. Consequently, the straight ray tomography theory is no longer applicable. The analog of the Fourier Slice Theorem used in straight ray tomography is the Fourier Diffraction Theorem. Using this theorem, image reconstruction in diffraction tomography can be considered as a problem of signal reconstruction from nonuniform frequency samples. Conventional gridding methods have used predefined gridding kernel functions, such as triangle, Gaussian, sinc, and Kaiser-Bessel functions, and so forth. The NUFFTs calculate optimal kernels with selected scaling function to minimize the interpolation error [1] [2] [3] [4] . In the gridding algorithm, the inverse Fourier transform is estimated by convolving the density compensated data with a finite kernel, sampling onto a Cartesian grid, performing an FFT and multiplying by an apodization correction function, and the interpolation on non -Cartesian data would produce much artifact . To overcome the shortage of conventional gridding method in diffraction ultrasound tomography reconstruction, an accurate reconstruction algorithm is proposed in this paper using nonuniform FFT (NUFFT). The cosine scaling factor of least square nonuniform FFT(LS_NUFFT) used for the reconstruction enables closed form solution for the kernel matrix and get different size matrix with it; then the non-Cartesian sampling projection data is interpolated to Cartesian grid using this kernel matrix with optimal size;finally image reconstruction is fulfilled by 2-dimensional FFT. Reconstruction results thus obtained compared with the other two NUFFT methods reduce to a large extent the reconstruction error based on its norm 2. 
II. PRINCIPLES OF DIFFRACTION TOMOGRAPHY
In other words, the Fourier transform of the projection gives the values of the 2-D Fourier transform of the object along a semicircular arc in the spatial frequency domain, as depicted in Fig. 2 . The transform corresponds to upper Ewald semicircle when operating in transmission mode , while the lower Ewald semicircle refers to reflection mode. Since wave phenomena obey the superposition principle, illuminating the object with a wave consisting of a set of frequencies (referred to as broad-band illumination), rather than a monochromatic wave, will produce samples along a set of semicircular arcs with different radii. Hence, a single projection potentially First International Conference on Information Science and Electronic Technology (ISET 2015) contains much more information about the object than a single projection in straight ray tomography. By taking advantage of this fact, one can achieve sufficient image quality with fewer projections [7] . 
III. RECONSTRUCTION
The final diffraction ultrasound tomography form of the direct summation reconstruction is:
The computation complexity direct summation reconstruction approach is about O (N 4 ), N represents the number of pixels in reconstructed image.the amout of computation is too large.
The final diffraction ultrasound tomography form of LS_NUFFT reconstruction is [8] :
The computation complexity to obtain 1, scaling factor used in Liu and Nguyen's report is adopted i this paper for the LS_NUFFT, which
where 1 ,
where  is the oversampling factor and q is the kernel size.The kernel varies from sample to sample, but it is only dependent on e location of each sample. (diffraction case).
To evaluate the reconstruction results, we used a measure of minimum distance between the images under test and the 
and reconstruction age with NUFFT method respectively.
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The size of kernel matrix is ( 1) ernel M    ,The"64×64 Shepp-Logan phantom" is utilized here for computer simulation study， the nu ber of data sample point is m 2×8192, en we chose the best th  for the images of LS_NUFFT method with m=2,q=2, 4, 6, 8, 10 spectively.
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q Tota e/s reconstruction. Figure . 3 and Table 1 shows the best reconstruction results is gained at q=4, and the results be me much bad co at q=8,10 , so t e next experiments we select h  =2 and q=4.
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Comparing of three reconstruction methods
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In this section, the GFFT and Min-max NUFFT [12] dding is form lated the same way for comparison,let  =2,q=8 (q≥4b  ) in GFFT and  =2,q=4 in LS_NUFFT. Table 2 illustrates the performance comparisons using digital phantom data, it shows that the ERROR 2 of the LS_NUFFT image to is smaller than GFFT and Min-Max method , and the Min-max NUFFT method costs the least reconstruction time of all.As can be seen from the figure.4(b) , image region of phantom using GFFT reconstruction method is dark, it can be seen from figurer. 4 The final renconstructive image is a convolution of the point spread function and acoustic field distribution, thus the error of image is proportional to the energy of convolution region, and the error in high energy region leak to the energy region around it.LS_NUFFT method compared with GFFT, Min-max method, the kernels on the interpolation accuracy is improved to a large extent, so we can see the gibbs phenomenon using LS_NUFFT method is more slightly than GFFT and Min-max method, although th phenomenon does not completely eliminate. thereby reducing the point spread function leads to less sharp image intensity of leakage . In addition, the matrix of convolution kernel is relatively l, i
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